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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
1.1 Introduction  
 
Attenuation due to rain has long been recognized as the main source of 
atmospheric attenuation in terrestrial and satellite links beyond 10GHz. Knowledge of 
the rain attenuation at such frequency range is desirable in the planning of a reliable 
communication system at any location. This will be more crucial in tropical regions 
because of their high intensity rainfall. For a tropical country like Malaysia, rain occurs 
almost yearound and in most instances, the rainfall rate is much higher when compared 
to temperature regions 
 
Rainfall rate statistics specified on a percent of time basis, that is the percent of 
time in a year or a month that the rain rate equals or exceeds a specific value is used in 
the rain attenuation prediction. The ITU rain attenuation method is based on 0.01% of a 
year rain rate parameter[1]. Rain attenuation is caused by the overall rainfall intersecting 
the propagation path. This is usually modeled as the integration of the specific 
attenuation (attenuation per unit of distance) along the path. 
 
Mobile satellite communication is affected, of course, not only by rain but also 
by shadowing, blockage, and multipath[2]. This project focuses on rain attenuation only. 
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Notice, however , that at the end of a future technological breakthrough in “smart” 
antennas (phased arrays with a lot of signal processing), which may largely reduce the 
impact of multipath by ad hoc processing, rain will remain the irreducible cause of 
fading and system outage (if obstruction and shadowing are avoided) and must be 
considered. 
 
A source of data suitable for this kind of project is the radar data. The 
Meteorological Department of Malaysia operated several meteorological radars 
throughout the Malay Peninsular, Sabah and Sarawak. These radar data can be utilized 
to extract the rainfall rate in Malaysia. However, in this study, only the Kluang radar 
data, located in the southern part of the Malay Peninsular is utilized[3]. 
 
 
1.2 Objective of study 
 
The main objective of this project is to obtain specific attenuation and rain path 
attenuation between mobile unit to mobile satellite system that had been observed from 
Kluang meteorological radar. 
 
The information gained from this method is important to predict the 
performance of mobile satellite communication system in Malaysia and also useful for 
microwave link system planning and link budget estimation. 
  
 
1.3 Scope of Project  
 
The work undertaken in this project is limited to the following aspects: 
 
I. Literature review. 
Reviews on the existing mobile satellite communication and choose one satellite 
in LEO orbit as a mobile satellite.  
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II. Satellite visibility angle  
Calculate the mobile satellite visibility angle (γ - coverage angle). By knowing 
visible angle, calculate azimuth and elevation angles of mobile unit due to 
mobile satellite. 
 
III. Selection of desire location. 
Select several locations from kluang radar as a mobile moves on. The range of 
the kluang radar station is from 4 km up to 512 km in a radial direction, but data 
were collected only up to 150 km. The range bin is 2 km for the composite PPI 
scan and 1 km for the volumetric scan. 
 
IV. Radar scanning 
For volumetric scan, the antenna beam will pass or rotates azimuthally 15 times 
in the duration of 5 minutes. After each pass or rotation, the antenna beam is 
elevated to a higher elevation angle. 
 
V. Azimuth and elevation angle of radar 
Azimuth angle were covered 360° and the elevation angle were covered from -
2° to 90° . 
 
VI. ITU-R (P.838-3)  
 Using ITU-R (P.838-3)[4] prediction to calculate specific attenuation. 
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1.4 Research Methodology 
 
The methodology of this research is shown in the flow chart in Figure 1.4 below:- 
 
Literature study on mobile 
satellite communication 
Using Johor’s map, select 
several desire locations 
from kluang station
Start  
 
 
 
 
 
 
 
Draw signal link path between mobile unit to mobile satellite 
Choose three position of mobile satellite due to desire location  
 
 
 
 
Observed rain attenuation path for every 1 km of volumetric inside a range bin 
from radar (observation is only under the rain height/melting layer – about 5 km)
 
 
 
Draw azimuthal scanning path between Kluang station to satellite link path 
Calculate altitude, h and then find elevation angles of radar station for every 
azimuthal scanning also determine n of range bin that attenuation were 
intersecting 
 
 
 
 
 
 
 
 Calculate attenuation per unit of distance inside a range bin 
Specific Attenuation 
As= aRb dB/km
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rain attenuation, AR
          i=n 
AR = Σ Ai        
         n=1 
End 
Figure 1.4 Research methodology flow chart 
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In the beginning, there are two tasks that need to be done simultaneously.  
Besides of doing literature review for mobile satellite communication, selection of 
desired location around Kluang radar station must be considered.   
 
Then, choose three position of mobile satellite with different longitude, latitude 
and visible angle due to desire location. Also calculate azimuth and elevation angles of 
desired location to mobile satellite. Draw signal link path between mobile unit to mobile 
satellite. 
 
Observation is done by draw a line for every 20 of azimuth angle from radar 
station to mobile unit. Calculate altitude, h and from there find elevation angle for every 
azimuthal scanning. Observed rain attenuation path for every 1 km of volumetric inside 
a range bin from radar station. Observation is done under the rain height or melting 
layer is about 5 km. In this project n of range bin that rainfall were intersecting must be 
also considered. 
 
Using ITU-R recommendations, calculate specific attenuation (dB/km) or 
attenuation per unit distance. Finally, sum up all the specific attenuation to calculate 
rain attenuation (dB). 
 
 
1.5 Layout of Thesis 
 
This section outlines the structure of the thesis.  Chapter 2 is the literature 
review of the project. It covers the basic concept of the mobile satellite communication, 
the orbit system, classification of polarization, visibility of mobile satellite and azimuth 
and elevation angle formula. 
 
In Chapter 3 describes the theory of Meteorological radar, which is used to 
observe the data scan. The mechanism and specifications of radar, specific attenuation 
and rain attenuation are also mentioned in this chapter. 
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The methodology of signal path is presented in this chapter 4. The geometrically 
analysis has been shown in this chapter to determine the distance between desired 
location and radar station in Kluang. The signal path from the desired location respected 
to mobile satellite is also calculated.   
 
Chapter 5 shows the calculation on specific attenuation and rain attenuation for 
several locations that had been observed from the radar station. 
 
The summary of the results and recommendation for future works will be 
presented in Chapter 6. 
 
 
 
